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Author" Hideki Goda and Takayuki Fujiwara (Arakawa Chemical 
Industries, Ltd.) 

Object^ 

To prepare polyimide -silica hybrid composites with extremely 
uniformly dispersed super fine silica particles in a typical polyimide 
synthesized from PMDA (pyromellitic acid) and ODA (oxadianiline) 
(DADPE: 4,4'-diaminodiophenyl ether) used as a monomer according to our 
newly established silica-hybridizing process using a sol-gel hybridizing 
process to evaluate their physical properties. 



Experiments and Results : 
Synthesis: 




Scheme 1 
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After preparing a NMP solution of PMDA-ODA-type polyamic acid, 
the polyamic acid was reacted with glycidoxypolymethoxysiloxane to 
synthesize a silane-modified polyamic acid, into which was introduced a 
polymethoxysiloxane moiety capable of sol-gel forming (remaining hardened 
contents 1 15%) (see scheme 1 above). 

The resultant silane-modified polyamic acid solution was cast on a 
tinplate sheet, baked at a temperature of 120°C for one hour, 200°C for 10 
minutes, 250°C for one hour and 300°C for x minutes (not identified) to 
accelerate sol-gel hardening and imide-ring closure reaction to obtain a 
desired polyimide- silica hybrid composite. 

Properties and Evaluation: 

The hybrid composite having a silica content of 8% thus obtained was 
observed by a transmission electron microscope (TEM) to recognize that this 
hybrid composite was a hybrid at the molecular level in which super fine 
silica particles having a particle size of ca. several nanometers were 
uniformly dispersed (see Fig. 1 below). 




Fig. 1 Surface of polyimide-silica hybrid composites film by TEM 



A cellophane tape peeling test with a grid pattern at right angles 

revealed that polyimide having a silica content of 0% did not show any 
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adhesion to all of substrates, the hybrid composites each having a silica 
content of 8% showed some improvement in the adhesion to stainless steel, 
aluminum and copper, respectively (see Table 1 below). 



Table 1 



Substrate 


Silica Content (%) 
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Note: O: 100-90/100, 

A: 89-50/100, and 
X: 49-0/100 
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